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(54) Video compression using dithering

(57) Digital video signals, such as RGB signals, are
subjected to processing by ordering the pixels into
groups (M) of adjacent pixels (A, B, C, D) and carrying
out the operations of:

- i) truncating the respective string of bits, eliminat-
ing a given number (n) of least-significant bits, thus
generating a respective truncated string;

- ii) adding to the truncated string an integration fac-
tor constituted by a power of two of a given order,
thus generating a respective integrated string; and
- iii) calculating first and second values of pixel error
corresponding to the difference between the re-
spective string and the truncated string and the re-
spective string and the integrated string, respective-

ly.

FIQ.2

There is calculated a set of values of global error
comprising all the possible combinations of addition of
the first and second values of pixel error on the group
(M), then locating the value of minimum error in the set
of values of global error. Once, in the combination that
produces the value of minimum global error, a first and
a second number of pixels have been identified whereby
the contribution to the value of minimum global error is
given by the first value of pixel error and by the second
value of pixel error, as a compressed version of the vid-
eo signals represented by the pixels in the group, there
is used a first number of truncated strings and a second
number of integrated strings, equal, respectively, to the
first number of pixels and to the second number of pix-
els, with the integrated strings subjected to truncation.

/D

Printed by Jouve, 75001 PARIS (FR)

(Cont. next page)



EP 1 515 278 A1

FIg -3

Avw_ __ B

cC ~— ™D



1 EP 1 515 278 A1 2

Description

Field of the invention

[0001] The presentinvention relates to techniques for
the treatment of image signals.

[0002] The invention has been developed with partic-
ular attention paid to the possibility of applying it to com-
pression of RGB images on 24 bits per pixel with a view
to their subsequent storage in a frame buffer. The refer-
ence to this particular type of application must not, how-
ever, be understood as in any way limiting the scope of
the invention, which is altogether general.

Description of the related art

[0003] In different sectors of the art there arises the
need to reduce the number of bits for representing a col-
our since some displays have a limited number of bits
per colour, in particular colour images in graphic-display
cards for personal computers and workstations, or in
printers with a limited availability of colours.

[0004] Forexample, in the case ofimages in RGB for-
mat, a true-colour image is made up of 8 bits for each
chromatic component, for a total of 24 bits per pixel.
[0005] Knowninthe literature are solutions, based up-
on the "dithering" principle, which enable simulation of
colours that are not available in the display colour pal-
lets. This result is obtained by arranging the adjacent
pixels with different colours from those of the image
source in a configuration such as to simulate the colours
of the image source itself that are not available. This
technique exploits the tendency of the human eye to mix
colours when it is observing complex configurations of
colours.

[0006] A typical effect of dithering may be encoun-
tered on television displays or in typographical prints. At
a certain distance, the images seem to comprise many
colours or many different shades or nuances of colour,
but when they are observed in greater detail, it is found
not to be the case. For example, a television image,
even though it may appear to have a continuous tone,
uses only three colours set in various states of activa-
tion/deactivation. Typographical print, for example
newspaper print, uses only black ink; however, the im-
ages appear to be made up of grey tones.

[0007] Fundamentally, the principle of dithering is
based upon the simulation of an intermediate tone by
mixing, in appropriate amounts (for example as a result
of different geometrical distributions), just two colours,
for instance, black and white for simulation of an entire
range of grey.

[0008] The prospect of developing dithering tech-
nigues that may enable a high ratio of compression with
satisfactory results at the display level is today particu-
larly felt.

[0009] For example, in 3D graphic-display cards for
mobile telephones there is felt the need to provide an
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acceptable display, starting from image data organized
in 4 or 5-6 bits per pixel (for colour images), or even
starting from only one bit per pixel for monochromatic
displays.

Object and summary of the invention.

[0010] The purpose of the invention is to provide an
altogether satisfactory solution to meet this need.

[0011] According to the present invention, this pur-
pose is achieved thanks to a method having the char-
acteristics recalled specifically in the claims that follow.
[0012] The invention also relates to a corresponding
system, as well as to a corresponding computer product
that can be loaded into the memory of a computer, such
as a processor, and comprises portions of software code
for implementing the method according to the invention
when the computer product is run on a computer.

Brief description of the annexed drawings.

[0013] The invention will now be described, purely by
way of non-limiting example, with reference to the an-
nexed drawings, in which:

- Figure 1 is a block diagram representing a system
that is able to operate according to the invention;

- Figures 2 and 3 are two schematic representations
of the mode of operation of the solution described
herein; and

- Figure 4 is a flowchart further illustrating the mode
of operation of the solution described herein.

Detailed description of exemplary embodiments of the
invention.

[0014] The block diagram of Figure 1 illustrates as a
whole the context of application of the invention; per-
sons skilled in the sector will moreover appreciate that
the representation of Figure 1 constitutes just one of the
possible examples of a context of application of the so-
lution described in what follows.

[0015] The system represented in Figure 1 comprises
a source of video signals 10 constituted, for example,
by a television camera, a photographic camera, or a
scanner that explores an "original" image, generating at
its output signals 12. The signals 12 are typically con-
stituted by digital colour video signals organized accord-
ing to an RGB format.

[0016] Video-image sources corresponding to the de-
scription provided herein for the source 10 are widely
known to the art, this rendering altogether superfluous
a more detailed description herein.

[0017] The signals 12 are supplied to a computer such
as, for example, a processor 14, which (operating ac-
cording to the criteria described in greater detail in what
follows) generates at its output video signals 16 corre-
sponding to the signals 12 supplied to its input but sub-
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jected to an operation of compression with a view to their
subsequent storage in a memory 18.

[0018] The processor 14 can be constituted either by
a dedicated processor or else by a processor of a gen-
eral-purpose type (for example, of the DSP type) con-
figured - according to criteria in themselves known, i.e.,
by loading of a corresponding computer product - for im-
plementing the processing operations described in
greater detail in what follows.

[0019] The reference number 20 indicates in the dia-
gram of Figure 1 a reading device of any known type.
The device is able to gain access to the memory 18 by
reading the video signals stored therein and supplying
them to a display unit 22 represented, for example, by
a liquidcrystal display.

[0020] Those of skill in the art will of course appreciate
that the examples provided previously are only some of
the practically infinite examples of possible exploitation
of a processing technique of the type described herein.
[0021] For a better understanding of the solution de-
scribed herein, it is useful to recall in brief and as an
introduction the outstanding characteristics of various
traditional dithering techniques that may be used for im-
age compression.

[0022] A first technique is the "clamping" technique.
[0023] This is the simplest dithering technique, which
enables passage, for instance, from 24 bits per pixel to
12 bits per pixel simply by subjecting to truncation each
8-bit string representing one of the RGB components of
a pixel. The action of truncation leads to elimination of
the 4 least-significant bits of each RGB component,
which leaves just the 4 most-significant bits. In practice,
the clamping function is carried out in a very simple way
by implementing, in the stage of compression of the im-
age, a shift to the right aimed at eliminating the least-
significant bits (it will be appreciated that the previous
reference to 4 bits is provided purely by way of exam-
ple).

[0024] The above technique is also suited for being
implemented in a differentiated way on the various chro-
matic components, for example eliminating the three
least-significant bits of the red (R) and blue (B) compo-
nents and only two bits of the green (G) component,
which is usually the one to which the human eye is most
sensitive.

[0025] The final result of the above operationiis, in the
first place, a constructed image generally darker than of
the original one. Furthermore, the final result may be
very poor in certain types of image, for example images
such as the image Topsmap.rgb, with a continuous col-
our gradient.

[0026] A second technique is the one known as "inte-
ger rounding".
[0027] This is basically an improvement of the clamp-

ing technique described previously. After truncation of
the n least-significant bits, if the value subjected to trun-
cation is greater than (2"-1)/2, there is added 2" to the
value stored. In this way, the difference between the val-
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ue of each component is reduced by a factor two prior
to compression and following upon decompression.
[0028] Also in this case the quality that may be
achieved is as a whole modest: for standard images,
such as Topsmap.rgb already considered previously,
there is a slight improvement with respect to the pure
and simple clamping technique. For other images, such
as Forrest.rgb and Image0.rgb, there is practically no
difference between the clamping/truncation technique
and the integer-rounding technique.

[0029] Yeta further variantimprovement of the clamp-
ing technique is the one known as "noisy clamping".
[0030] In this case, prior to truncation of the least-sig-
nificant bits, there is added to the value of each RGB
component a random number generated using any
known method (for example with the function known as
rand()). As compared to the previous techniques, the re-
sults are better but, as a whole, the final images are
more blurred precisely as a result of the application of
the noise component. Furthermore, the solution is inev-
itably sensitive to the technique adopted for generating
the pseudorandom noise component. From other points
of view, the result achieved appears appreciable since
the addition of the noise component emphasizes the
high-frequency components, rendering them clearer
from certain standpoints. Furthermore, the addition of
noise is useful for the purposes of reproduction of imag-
es with very low frequency, where the aspect of the ab-
sence of artefacts becomes more important than noise.
As a whole, this technique proves preferable for fixed or
static images, whereas, instead, for moving sequences
the result appears less satisfactory.

[0031] Yet another known technique is referred to as
"ordered dithering".

[0032] Thisis atechnique that envisages carrying out
a thresholding function, implemented by comparing
each value of pixel p with a threshold t. According to the
outcome of the comparison, there is attributed to the pix-
el one of two values, each of which represents an avail-
able colour. The threshold can be a fixed one or else
depend upon the position of the pixel both at a local level
and at a global level in the image. Frequently, the use
of a fixed threshold gives rise to modest results, where-
as with the use of thresholds that vary according to the
position much better results are obtained. The tech-
nique can be further improved by resorting to threshold
arrays containing a regular distribution of fields of
thresholds for each pixel position.

[0033] As a whole, the results are widely superior to
those achieved using all the other techniques consid-
ered previously, also because addition of noise is not
envisaged.

[0034] A further known dithering technique is the one
that goes by the name of Floyd-Steinberg method. As
compared to the thresholding techniques referred to
previously, the Floyd-Steinberg method is based upon
a criterion of error diffusion (or dispersion): the rounding
error associated to each pixel is propagated to the ad-
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jacent pixels with a view to it possible compensation.
[0035] Basically, the error-dispersion technique oper-
ates in such a way that, for each point of the image, there
is identified in the first place the closest available colour.
Once the difference between the value of the image and
the available colour has been calculated, the corre-
sponding error values are distributed over the adjacent
pixels that have not yet been treated. When these fur-
ther pixels are to be treated, there are added thereto the
distributed errors starting from the preceding ones, a
clipping action being carried out in order to remain within
the range of the admissible values; then the process
proceeds in a similar manner on the rest of the image.
[0036] For a general illustration of the Floyd-Stein-
berg. method, useful reference may be made to the vol-
ume by J.D. Foley, A.V. Dam, and S.K. Feiner: "Intro-
duction to Computer Graphics", Addison Wesley Pub.
Co., 1st Ed., August 1993.

[0037] There exist various solutions for error distribu-
tion and different ways of exploring the image. As com-
pared to all the other traditional solutions considered,
the Floyd-Steinberg method yields the best results.
Since it is an intrinsically more complex technique, it is,
however, slower to implement.

[0038] Passing now to an examination - with refer-
ence to Figure 2 - of the solution described herein, there
is envisaged operating on a digitalized image D having
a height H and a width W, in which the visible black
points in Figure 2 indicate the individual pixels in the
RGB format.

[0039] The reference M indicates a set of pixels con-
stituted by a 2x2 array, i.e., ones comprising four pixels.
[0040] In what follows, the solution described herein
will be illustrated assuming scanning of the image D with
an array comprising 4 pixels A, B, C, D (see Figure 3),
proceeding in an ordered way from left to right and from
the top downwards (i.e., in lexicographic order). Further-
more, the functions described in what follows are as-
sumed as being applied in parallel for the red compo-
nent and the green and blue components. In particular,
there is envisaged application of a function of minimiza-
tion of the global error for each array of the image split
into chromatic components.

[0041] Persons skilled in the sector will moreover ap-
preciate clearly that these hypotheses are made prima-
rily by way of example and do not have a character in
any way limiting the scope of the invention.

[0042] If we assume ordering each chromatic compo-
nent (RGB) as illustrated in Figure 3 and we assume
that - in the context of the image - A has co-ordinates
(x, y), we shall then have that B has co-ordinates (x+1,
y), C has co-ordinates (x, y+1), and D has co-ordinates
(x+1, y+1).

[0043] Uponthe hypothesis that at start-up each com-
ponent R, G and B is encoded on 8 bits (true colour),
there will now be considered the case in which the aim
is to achieve a ratio of compression of the order of n/8,
thus removing n bits of the 8 bits that make up each com-

10

15

20

25

30

35

40

45

50

55

ponent.

[0044] Of course, it is also possible to proceed by
changing the number of bits eliminated in different man-
ners for the various components. For reasons of sim-
plicity, there will be considered in what follows the case
of a uniform treatment, and in particular reference will
be made to an example in which there are removed 4
bits of the 8 bits that make up each component, thus
achieving a compression ratio of 50%.

[0045] We shall therefore assume proceeding, in the
first place, by truncating the n = 4 least-significant bits
of each component, setting them at 0, in a way inde-
pendent of their original value.

[0046] Proceeding in this way, from an original RGB
chromatic component made up of an 8-bit string, such
as A=1010 1010, there is obtained a component/trun-
cated string At given by 1010 (0000).

[0047] This corresponds, in the flowchart of Figure 4,
to step 100, which follows the step of state of the pro-
cedure: operating on the 4 pixels A, B, C and D of the
array (Figure 3) there will hence be obtained four com-
ponents/truncated strings At, Bt, Ct, Dt.

[0048] In a subsequent step designated by 102, the
value 2" is added to each value subjected previously to
truncation, i.e., in the present case 24 = 16.

[0049] The overall result, referred to sample A seen
previously will then be that of obtaining from the truncat-
ed string At seen previously, 1010 0000, an "integrated"
string Ai = 1011 0000.

[0050] Of course what has been said with reference
to sample A applies also to the other samples B, C, D
so that there will be available corresponding integrated
strings Bi, Ci, Di.

[0051] At this point, in a step designated by 104, for
all of the samples A, B, C, D, there is calculated the dif-
ference between the original values A, B, C, D and:

- onthe one hand, the truncated values At, Bt, Ct, Dt,
thus obtaining first difference/error values; and

- on the other hand, the integrated values Ai, Bi, Ci,
Di, thus obtaining second difference/error values.

[0052] Inotherwords, in step 104 there are calculated
the values

Aa = At-A or Aa = Ai-A = At-A+2*

Ab = Bt-B or Ab = Bt-B+2*

Ac=Ct-Cor Ac= Ct-C+24

Ad = Dt-D or Ad = Dt-D+2*

[0053] Subsequently, in a step designated by 106,
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there is calculated a set of values of global error (A) com-
prising all the possible combinations of addition of said
first and second pixel error values on the pixels of the
group.

[0054] Albeit referring distinctly to the truncated val-
ues At, Bt, Ct, Dt and to the integrated values Ai, Bi, Ci,
Di, the aforesaid combinations are in actual fact only
n+1 (i.e., in the example illustrated herein, five) different
possibilities that can be expressed as follows:

1.

A = (At-A) + (Bt-B) + (Ct-C) + (Dt-D)

2,
A = (At-A) + (Bt-B) + (Ct-C) + (Dt-D) + 1+2*
3.
A = (At-A) + (Bt-B) + (Ct-C) + (Dt-D) + 2+2*
4.
A = (At-A) + (Bt-B) + (Ct-C) + (Dt-D) + 3*2*
5.
A = (At-A) + (Bt-B) + (Ct-C) + (Dt-D) + 4+2*
[0055] Inthisregard, itis to be noted that, forexample,

Aa = At - A is calculated with sign and may thus also be
negative; otherwise, A would be always positive and the
corresponding minimum would be always equal to Aa.
[0056] The solution described herein envisages min-
imizing the global error of the array, by taking the lowest
value among those considered previously.

[0057] Thus, in the case where the value previously
designated by 1 is the minimum value, the operation is
performed of truncating all the pixels of the four least-
significant bits. In the case where the minimum is rep-
resented by the value designated by 2, 24 is added only
to one pixel in the array, and the other three are truncat-
ed. In the case where the minimum is represented by
the value designated by 3, 24 is added only to two pixels
in the array, and the other two are truncated. In the case
where the minimum is represented by the value desig-
nated by 4, 24 is added only to three pixels within the
array, and the remaining one is truncated. Finally, in the
case where the minimum is represented by the value
designated by 5, 24 is added to all four pixels in the array,
without making any truncation.

[0058] The criterion for choosing the pixels to which
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to add 24 (or, in general, 2" ) is illustrated in what follows.
[0059] Supposing, for example, that the minimum val-
ue of Ais represented by the value designated by 3 seen
previously, in this case, as has already been seen, for
two pixels there is stored in the memory 18 the truncated
value, whilst for the other two pixels there is stored the
truncated value increased, however, by 24.

[0060] To choose which bits must be subjected to
truncation and to which bits there must be added 24
there can be applied, for example, the technique of
rounding to the closest integer value already described
previously.

[0061] In a step designated by 108 in the flowchart of
Figure 4, the system then seeks the two pixels in which
the number represented by the 4 least-significant bits is
greater than 2n-1 =241 =8,

[0062] Next, in a step 110, all the samples thus ob-
tained are subjected to truncation of the four least-sig-
nificant bits before being stored in the memory 18 in a
step 112.

A=1010 1010
B = 1000 0000
C=1110 0011
D =1011 1000
[0063] In the memory 18 there are stored, as values

deriving from the action of compression, the following
values:

a; = 1011
b; = 1000
¢ = 1110
d; = 1100
[0064] If there are insufficient pixels to verify this con-

dition, pixels in the array are taken in a random way, for
example in the following way:

A=1010 1010
B = 1000 0000
C=1110 0011
D =1011 0111
[0065] Hence, in the memory 18 there are stored, as

values deriving from the action of compression, the fol-
lowing values:

a; = 1011
by = 1001
¢ = 1110
d; = 1011

where 24 has been added to A and B but not to C
and D. This choice is made in a random way prior to
proceeding to storage in the memory 18.

[0066] Thus, for each component in the memory 18,
there are stored only the 4 most-significant bits, and a
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compression ratio of 50% is achieved.

[0067] Inthe stage of decompression the simplest so-
lution consists simply of reading the compressed signals
from the memory 18 and decompressing them by add-
ing 4 least-significant bits all equal to 0.

[0068] A possible variant embodiment of the solution
described herein envisages mixing the solution de-
scribed previously with an error-diffusion technique.
[0069] In this case, the minimum global error in the
current array (for example a 2x2 array) is distributed
over the subsequent global error in the array taken into
consideration immediately after in the image.

[0070] The solution is structurally identical to the one
described previously, with the difference that, in this
case, there is calculated the minimum value between
the five values illustrated below:

A=A

n n-

4 +Aa+ Ab+ Ac+ Ad

A, =A, 4 +Aa+Ab+ Ac+ Ad +1°2°
A, =A, 4 +Aa+Ab+ Ac+ Ad +2°2*
A, = A4+ Aa+Ab+ Ac + Ad +3°2°

A, = A4+ Aa+ Ab+ Ac+ Ad +4°2°

where A, _; is the minimum global error determined
for the preceding array in the process of scanning of the
image (of course, with reference to the same chromatic
component).
[0071] To evaluate the quality of the results that can
be achieved with the solution described herein (and to
decide, for example, adoption thereof preferably with re-
spect to other known solutions in a so-called graphic
pipeline), either a visual evaluation of the quality of the
image or a calculation of the peak signal-to-noise ratio
(PSNR) may be resorted to.
[0072] Usually, the peak signal-to-noise ratio is de-
fined with reference to a parameter of mean-square er-
ror (MSE) defined according to the relation:

MSE =

LS Y e y) - vy

y=1 x=1

where M and N are, respectively, the height and
the width of the image, I(x, y) is the original image, I' (x,
y) is the image compressed and then decompressed
which is to be compared with the original.
[0073] The peak signal-to-noise ratio PSNR is defined
- in the example considered herein - as
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PSNR =

255
20 lOglo m

[0074] Typical values of PSNR are usually comprised
between 20 dB and 48 dB, preferably expressed with
two decimal figures (for example 36.27 dB). A value of
48 dB identifies practically a situation in which the hu-
man eye is not able to appreciate visual artefacts. A bet-
ter compression leads to a lower value of MSE which,
in turn, leads to a higher PSNR.

[0075] The tests conducted by the present applicant
show that the solution described herein enables a better
quality to be obtained as compared to the ordered-dith-
ering technique and the Floyd-Steinberg method. Visual
examination of the results does not lead to identifying
appreciable artefacts, and in any case the technique ac-
cording to the present invention provides better results
than do the techniques that envisage addition of pseu-
dorandom noise, in particular in moving sequences.
[0076] Of course, without prejudice to the principle of
the invention, the details of construction and the embod-
iments may vary widely with respect to what is described
and illustrated herein, without thereby departing from
the scope of the present invention, as defined in the an-
nexed claims.

[0077] This applies in particular, but not exclusively,
to the possibility of applying the technique described
previously on arrays of a size larger than 2x2 and, for
example, to sets of adjacent pixels that are not arranged
in matrix form (either a square matrix or a rectangular
matrix), but in different conformations (for example,
cross-like conformations): it will be appreciated that,
apart from the greater difficulty of description, the solu-
tion described previously is identically applicable also to
these possible variant embodiments.

Claims

1. A method for processing digital video signals (12),
in which the pixels of the image have associated to
them at least one respective string of bits (A, B, C,
D), said method being characterized in that it com-
prises the steps of:

- ordering (100) said pixels in groups of adjacent
pixels (A, B, C, D);

- performing, for the pixels comprised in each of
said groups, the operations of:

- i) truncating the respective string of bits,
eliminating a given number (n) of least-sig-
nificant bits, thus generating a respective
truncated string (At, Bt, Ct, Dt);

- ii) adding to said truncated string an inte-
gration factor constituted by a power of two
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of a given order, thus generating a respec-
tive integrated string (Ai, Bi, Ci, Di); and

- iii) calculating first values of pixel error
corresponding to the difference between
said respective string and the respective
truncated string (A-At, B-Bt, C-Ct, D-Dt)
and second values of pixel error corre-
sponding to the difference between said re-
spective string and the respective integrat-
ed string (A-Ai, B-Bi, C-Ci, D-Di);

- calculating, for each of said groups of pixels, a
set of values of global error (A) comprising all
the possible combinations of addition of said
first and second values of pixel error on the pix-
els of the group;

- locating the value of minimum error in said set
of values of global error, identifying moreover,
in the combination of addition that produces
said value of minimum global error, a first
number of pixels, whereby the contribution to
said value of minimum global error is given by
said first value of pixel error, and a second
number of pixels, whereby the contribution to
said value of minimum global error is given by
the second value of pixel error; and

- using, as compressed version of the video sig-
nals represented by the pixels in the group, a
first number of said truncated strings (At, Bt, Ct,
Dt) and a second number of said integrated
strings (Ai, Bi, Ci, Di) that are equal to said first
number of pixels and to said second number of
pixels respectively, said integrated strings be-
ing subjected to truncation by the elimination of
said given number of least-significant bits.

The method according to Claim 1, characterized
in that said first number of integrated strings (Ai, Bi,
Ci, Di) is used for representing the pixels in said
group whereby the least-significant bits of the re-
spective string of bits (A, B, C, D) is greater than a
given threshold.

The method according to Claim 2, characterized
in that said threshold is given by a power of two of
order (2n-1) lower by one unit with respect to said
given order (2").

The method according to any one of the preceding
claims, characterized in that it comprises the op-
eration of choosing, at least in part, in a random
way, the pixels in said group in which, as com-
pressed version, there is used the respective trun-
cated string (At, Bt, Ct, Dt) and the respective inte-
grated string (Ai, Bi, Ci, Di) subjected to truncation.

The method according to any one of the preceding
claims, applied to digital video signals in which the
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10.

1.

12

13.

14.

15.

pixels of the image have associated to them a plu-
rality of respective strings of bits (A, B, C, D), each
of which is representative of a respective chromatic
component (R, G, B) of the pixel, said method being
characterized in that it comprises the operation of
repeating the steps according to Claim 1 for each
of the strings of bits of said plurality.

The method according to Claim 5, characterized
in that said given number of least-significant bits is
chosen equal for all the chromatic components of
said plurality.

The method according to Claim 5, characterized
in that said given number of least-significant bits is
chosen different for the chromatic components of
said plurality.

The method according to any one of Claims 1 to 7,
characterized in that said given order is chosen
equal to said given number (n).

The method for processing video signals, charac-
terized in that it comprises the operation of repeat-
ing the sequence of steps according to any one of
Claims 1 to 8, in sequence for successive groups
of pixels of said image, according to a determined
scanning order.

The method according to Claim 9, characterized
in that said scanning order is a lexicographic scan-
ning order.

The method according to Claim 9 or Claim 10, char-
acterized in that it comprises the operation of add-
ing to the possible combinations of addition com-
prised in said set of values of global error (A), cal-
culated for a determined group of pixels in said or-
dered sequence, the value of minimum global error
located for the preceding group of pixels in said
scanning order.

The method according to any one of the preceding
claims, characterized in that said groups of pixels
are constituted by arrays of pixels.

The method according to Claim 12, characterized
in that said groups of pixels are constituted by
square matrices of pixels.

The method according to any one of the preceding
claims, characterized in that said groups of pixels
comprise a number of pixels equal to four.

The method according to any one of the preceding
claims, characterized in that said digital video sig-
nals are signals in RGB format.
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16. A system for processing digital video signals (12),

in which the pixels of the image have associated to
them at least one respective string of bits (A, B, C,
D), the system being characterized in that it com-
prises at least one processing device (14) config-
ured for implementing the steps of:

- ordering (100) said pixels in groups of adjacent
pixels (A, B, C, D);

- performing, for the pixels comprised in each of
said groups, the operations of:

- i) truncating the respective string of bits,
eliminating a given number (n) of least-sig-
nificant bits, thus generating a respective
truncated string (At, Bt, Ct, Dt);

- ii) adding to said truncated string an inte-
gration factor constituted by a power of two
of a given order, thus generating a respec-
tive integrated string (Ai, Bi, Ci, Di); and

- iii) calculating first values of pixel error
corresponding to the difference between
said respective string and the respective
truncated string (A-At, B-Bt, C-Ct, D-Dt)
and second values of pixel error corre-
sponding to the difference between said re-
spective string and the respective integrat-
ed string (A-Ai, B-Bi, C-Ci, D-Di);

- calculating, for each of said groups of pixels, a
set of values of global error (A) comprising all
the possible combinations of addition of said
first and second values of pixel error on the pix-
els of the group;

- locating the value of minimum error in said set
of values of global error, identifying moreover,
in the combination of addition that produces
said value of minimum global error, a first
number of pixels, whereby the contribution to
said value of minimum global error is given by
said first value of pixel error, and a second
number of pixels, whereby the contribution to
said value of minimum global error is given by
the second value of pixel error; and

- using, as compressed version of the video sig-
nals represented by the pixels in the group, a
first number of said truncated strings (At, Bt, Ct,
Dt) and a second number of said integrated
strings (Ai, Bi, Ci, Di) that are equal to said first
number of pixels and to said second number of
pixels respectively, said integrated strings be-
ing subjected to truncation by the elimination of
said given number of least-significant bits.

17. The system according to Claim 16, characterized

in that said processing device (14) is configured for
using said first number of integrated strings (Ai, Bi,
Ci, Di) for representing the pixels in said group so
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18.

19.

20.

21.

22.

23.

24,

25.

26.

that the least-significant bits of the respective string
of bits (A, B, C, D) is greater than a given threshold.

The system according to Claim 17, characterized
in that said threshold is given by a power of two of
order (2n-1) lower by one unit with respect to said
given order (2").

The system according to any one of the preceding
Claims 16 to 18, characterized in that said
processing device (14) is configured for choosing,
at least in part, in a random way, the pixels in said
group, in which, as a compressed version, there are
used the respective truncated string (At, Bt, Ct, Dt)
and the respective integrated string (Ai, Bi, Ci, Di)
subjected to truncation.

The system according to any one of the preceding
Claims 16 to 19, for the treatment of digital video
signals, in which the pixels of the image have asso-
ciated to them a plurality of respective strings of bits
(A, B, C, D) each representative of a respective
chromatic component (R, G, B) of the pixel, said
system being characterized in that said process-
ing device (14) is configured for repeating the steps
according to Claim 16 for each of the strings of bits
of said plurality.

The system according to Claim 20, characterized
in that said processing device (14) is configured for
choosing said given number of least-significant bits
equal for all the chromatic components of said plu-
rality.

The system according to Claim 20, characterized
in that said processing device (14) is configured for
choosing said given number of least-significant bits
in a different way for the chromatic components of
said plurality.

The system according to any one of Claims 16 to
22, characterized in that said processing device
(14) is configured for choosing said given order
equal to said given number (n).

The system according to any one of Claims 16 to
23, characterized in that said processing device
(14) is configured for operating in sequence for sub-
sequent groups of pixels of said image according to
a given scanning order.

The system according to Claim 24, characterized
in that said scanning order is a lexicographic scan-
ning order.

The system according to Claim 24 or Claim 25,
characterized in that said processing device (14)
is configured for adding to the possible combina-



27.

28.

29.

30.

31.
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tions of addition comprised in said set of values of
global error (A) calculated for a given group of pixels
in said ordered sequence, the value of minimum
global error located for the preceding group of pixels
in said scanning order.

The system according to any one of the preceding
Claims 16 to 26, characterized in that said groups
of pixels are constituted by arrays of pixels.

The system according to Claim 27, characterized
in that said groups of pixels are constituted by
square matrices of pixels.

The system according to any one of the preceding
Claims 16 to 28, characterized in that said groups
of pixels comprise a number of pixels equal to four.

The system according to any one of the preceding
Claims 16 to 29, characterized in that said digital
video signals are signals in RGB format.

A computer product which can be loaded into the
memory of a computer and comprises portions of
software code for implementing the method accord-
ing to any one of Claims 1 to 15 when the product
is run on a computer.
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